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Implementing a Sepsis Resuscitation Bundle Improved Clinical Outcome: A Before-and-After Study (250) of the main causes of such adverse events is insufficient, delayed, or incorrect medical detection systems [4, 7] .
To overcome these problems in medical detection, rapid response systems (RRSs) have been introduced, including the formation of rapid response teams, also known as medical emergency teams or critical care outreach [8, 9] .
Several studies have shown results, such as decreases in hospital mortality and increases in better care for acutely ill patients, after implementation of an RRS [10] [11] [12] .
However, RRSs also have shortcomings. The RRS team commonly requires additional staff consisting of critical care staff or fellows, nurses, and respiratory therapists, who can resolve patients' critical problems [9, 13, 14] .
Maintaining the RRS generates additional expenses including educational expenses and communication system development costs. Furthermore, the RRS may lower the sense of responsibility for patients and interest from the primary doctor [9, [15] [16] [17] [18] .
Our institute has not yet implemented an RRS owing to various limitations, including cost and lack of staff. Instead, we developed an automatic alarm system for unexpected unstable vital signs in admitted patients in the general ward. This automatic alarm system makes the best use of existing resources, such as primary doctors, including residents, nurses, electronic medical record systems (EMRs), and electronic communication systems.
We have termed this the "medical emergency system" (MES). The aim of this pilot study was to determine the effectiveness of the MES before expanding this system to all of our departments. The primary objective was to prevent pre-ICU cardiac arrest and decrease mortality rates.
Materials and Methods

1) Study setting
This was planned as a pilot study prior to expanding . When a nurse enters vital sign data into the electronic medical record system, the computer automatically analyzes this information. If vital signs meet the MES criteria, a message is automatically sent to the primary doctor, resident, and on-call doctor. A doctor who receives the message must treat the patient and chart the treatment to deactivate the MES. If the MES is not deactivated, the system will continue to send the message to the doctors. EMR: electronic medical record; SMS: short message service. 
2) MES design
The MES is an automatic alarm system that detects warning signs of disease progression or adverse events in patients and generates an appropriate awareness for primary care physicians. The MES uses the EMR and existing communication system. Figure 1 shows the design of the MES. In brief, if vital signs entered in the EMR by a patient's nurse satisfy the criteria for MES, the MES will automatically alert the primary doctor, resident, and on-call doctor of the abnormal vital signs. MES inclusion criteria include abnormal respiration rate, oxygen saturation, heart rate, and systolic blood pressure ( Table 1 ). The MES is not turned on by patients who agree to "do not resuscitate," are younger than 18 years, or are admitted in the emergency room or ICU. Any doctor who receives the MES message manages the patient according to the MES manuals ( Figure 2 ). After management, the doctor records the method of management, status of the patient, and the results of management. The doctor can then turn off the MES. The MES includes education for primary care physicians that relates to basic procedures and plans for situations such as acute respiratory distress, shock, and arrhythmia. Education was conducted periodically before and after implementing the MES.
3) Data collection
The data from patients admitted to one ward of the pulmonary department were collected from the hospital electronic medical records. Clinical data on hospitalization path, length of stay, admission to the ICU, development of CPR, and mortality were evaluated. The Charlson comorbidity index (CCI) was calculated for evaluation of comorbidity [19] . Additionally, we inspected progress of patients admitted to the ICU after implementation of the MES.
4) Data analysis
Statistical analysis was performed using SPSS version 23.0 (IBM Corp., Armonk, NY, USA). All continuous variables are expressed as mean with standard deviation or median with interquartile range. The chi-square test or Fisher exact test was used to assess differences among the groups. Continuous variables were analyzed using Kruskal-Wallis test or analysis of variance.
5) Ethical approval
This study protocol was approved by the institutional review board of the university tertiary referral hospital in Seoul (No. 4-2016-0928). (Table 2 ). However, the CCI, indicating comorbidity to predict short-and long-term mortality, was significantly different between the groups (P = 0.038), and was significantly higher in 2015 than in 2013 (P = 0.032) ( Table 2) . The median length of hospital stay and median length of ICU stay among all of the patients were not signifi-cantly different between the groups. However, there were differences in hospitalized days on excluding patients admitted to the ICU and length of ICU stay on ICUadmitted patients. Figure 3 shows the trend of the MES to turn on according to time.
Discussion
This study examined the effects of the introduction of the MES, an automatic alarm system for unexpected un- stable vital signs of patients on the general ward, through the composite incidence of CPR, ICU admissions, and mortality. Our study showed similar CPR rates before and after implementation of the MES. There were no significant differences in mortality of admitted patients or rate of ICU admission. Most studies on RRSs analyzed a large number of subjects and showed low CPR and mortality rates [1, 2, [9] [10] [11] [12] [13] [14] [15] . As the number of subjects in our study was relatively small compared to that in other studies, the results of CPR rate and mortality rates in our study were hard to accept as they are. However, our study showed that the number of admitted patients increased, as did comorbidity of the admitted patients, after imple- department wards, as they see many patients with serious illnesses who need more monitoring. This may have affected the results of this study. Third, the number of subjects in our study was relatively small compared to other studies. Fourth, our observation and implementation time may be too short. Some studies have reported that significant effects of RRSs did not emerge until 2 years after implementation [20, 21] . Our study did not find any longterm effects of the MES, because we did not perform continuous studies.
Although we did not find significant improvement in our primary outcomes with MES implementation, the CPR rate and mortality rate did not increase, despite increased comorbidity of patients. However, this study is a pilot study, so we expect that such limitations may be overcome after expanding the MES to all departments in our hospital. Thus, we believe that the MES stands a better chance of significant effects with expansion and increased duration. We will continue to expand the MES to all departments in our hospital.
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